Claudins are members of a large family of transmembrane proteins, which are essential for the formation of tight junctions and have a significant effect on the biological behavior of tumor progression. Previous studies have demonstrated that several claudins show aberrant expression patterns in numerous types of cancer. The present study investigated the expression and localization of claudin-3 and claudin-7 in human colorectal adenocarcinoma cell lines and tissues. The protein expression levels of claudin-3 and claudin-7 were determined using immunocytochemical and immunohistochemical staining. Claudin-3, but not claudin-7, exhibited nuclear localization in the human colorectal adenocarcinoma Caco-2 and SW620 cell lines. Surgically resected colorectal adenocarcinoma tissue specimens were obtained, and the associations between the expression of claudin-3 or claudin-7 and various clinicopathological parameters were analyzed. The membranous expression rates of claudin-3 and claudin-7 were 58.0 and 50.0%, while their nuclear expression rates were 22.0 and 2.0%, respectively. The membranous expression of claudin-3 and claudin-7 was not associated with any clinicopathological factors, whereas the nuclear expression of claudin-3 was associated with histological type and was significantly increased in colorectal mucinous adenocarcinomas compared with that in well-to moderately-differentiated colorectal adenocarcinomas (P<0.01). However, no associations were observed between the nuclear expression of claudin-7 and any clinicopathological parameter. In conclusion, the nuclear expression of claudin-3 in colorectal mucinous adenocarcinoma may be involved in the biological transformation of tumors. The results from the present study indicated that claudin-3 is an important protein associated with histological type and has potential as a prognostic marker. Although the mechanisms underlying the nuclear localization of claudin-3 in tumorigenesis have not yet been elucidated in detail, the present results indicated the potential of claudin-3 as a histopathological biomarker for colorectal adenocarcinomas.
Introduction
Colorectal cancer is one of the most prevalent types of malignant tumor and is a frequent cause of cancer-associated mortality worldwide (1, 2) . The pathogenesis of colorectal cancer is known to occur through progression between adenomas and carcinomas (3) . Loss of cell polarity and disruption of intracellular adhesion are frequently observed during this process and serve important functions in cancer progression (4, 5) . The histological types of colorectal adenocarcinoma depend on the degree of glandular differentiation and cellular polarity (6) . Tight junctions (TJs), which are the most apical type of cellular junction, maintain cell-cell adhesion, perform important roles in selective barriers and establish cellular polarity in epithelial cells (7) (8) (9) . TJs have been associated with the regulation of cell proliferation and differentiation (10) . TJs are typically lost in cancer, and this loss is involved in the invasive and metastatic phenotypes of tumor cells (11) (12) (13) (14) .
Membrane proteins, including claudin (15) and occludin (16) , have been associated with TJs and are involved in the regulation of cell proliferation (17, 18) . Claudin and occludin are tetraspanin proteins that extend their extracellular loops across adjacent cells (19) . The C-terminal domain of claudins has a PDZ-binding motif that interacts with PDZ-domain proteins, including zona occludins (ZO)-1, -2 and -3 (20) . The claudin family is composed of 27 members that form homotypic and/or heterotypic interactions with each other (21, 22) . Among the numerous TJ proteins, claudins are key functional proteins, and are expressed in various types of tissues and cells (23, 24) . Additionally, claudins have been shown to have a significant effect on the biological behavior of tumor progression (22, 25) .
Previous studies reported abnormal expression of several claudins. The expression of claudin-1 was observed to be upregulated in colorectal cancer (19, 26) , melanoma (27) and nasopharyngeal carcinoma cells (28) . The expression of claudin-2 was also upregulated in lung adenocarcinoma cells (29) , whereas claudin-7 was demonstrated to be downregulated in invasive ductal carcinomas of the breast (30) . The expression of claudins-1, -3 and -4 was previously reported to be upregulated in human colorectal cancer (31) . Furthermore, several studies have reported that the translocation of claudins is associated with tumor cell proliferation and survival (32, 33) . The expression of claudin-1 is upregulated in human colon cancers, particularly in the metastatic region, and is frequently mislocalized from the cell membrane to the cytoplasm and nucleus (19) . The predominant cytoplasmic and nuclear localization of claudin-1 was revealed to exhibit anti-apoptotic activity in nasopharyngeal carcinoma cells (28) . In addition, the nuclear distribution of claudin-2 has been shown to contribute to enhancing the proliferation of lung adenocarcinoma cells (34) . However, the mechanisms underlying the different functions of claudins in tumorigenesis have not been clearly defined to date. Based on the aforementioned findings, it was hypothesized that the localization of claudins has specific significance in the process of cellular transformation in colorectal adenocarcinomas.
Therefore, the present study examined the cellular localization of claudins and determined whether claudins are associated with clinicopathological parameters of colorectal adenocarcinomas. Immunocytochemical and immunohistochemical staining were conducted using primary antibodies against claudin-3 and claudin-7. Cellular expression of claudin-3 and claudin-7 was investigated in the human colorectal adenocarcinoma cell lines Caco-2 and SW620. The clinicopathological associations (age, sex, histological type, lymphatic invasion, venous invasion, lymph node metastasis and depth of tumor invasion) with the expression of claudin-3 and claudin-7 were then examined in colorectal adenocarcinoma tissues.
Materials and methods
Cell culture. SW620 cells were obtained from Dainippon Sumimoto Pharma Co., Ltd. (Osaka, Japan), while Caco-2 cells were obtained from the American Type Culture Collection (Manassas, VA, USA). These cells were cultured in Dulbecco's modified Eagle's medium (Wako Pure Chemical Industries, Ltd., Osaka, Japan) supplemented with 10% heat-inactive fetal bovine serum (Biological Industries Israel Beit-Haemek, Kibbutz Beit-Haemek, Israel) and 1% penicillin-streptomycin at 37˚C in a humidified atmosphere of 5% CO 2 /air. RNA analysis. Total RNA was purified using an RNeasy Plus Mini kit (Qiagen China Co., Ltd., Shanghai, China). In the reverse transcription polymerase chain reaction (RT-PCR) analysis of claudin-3, claudin-7 and GAPDH expression, RT was performed with 1 µg of RNA using a SuperScript VILO cDNA Synthesis kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), and the reaction product was subsequently amplified by PCR using primers as follows: Claudin 3 forward, 5'-CAA CAC CAT TAT CCG GGA CT-3' and reverse, 5'-CTT GGT GGC CGT GTA CTT CT-3'; claudin 7 forward, 5'-AAT TTT CAT CGT GGC AGG TC-3' and reverse, 5'-AGG ACA GGA ACA GGA GAG CA-3'; and GAPDH forward, 5'-CAA CGA CCA CTT TGT CAA GC-3' and reverse, 5'-TCT TCA AGG GGT CTA CAT GG-3'. The PCR reactions were conducted under the following conditions: 95˚C for 10 min followed by 35 cycles of 95˚C for 30 sec, 63˚C for 30 sec, 71˚C for 1 min. The PCR products were separated on a 2% agarose gel and stained with ethidium bromide. Quantitative (q)PCR was performed with a Power SYBR-Green RNA-to-CT 1-Step kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) using the Applied Biosystems StepOnePlus™ Real-Time PCR system (Thermo Fisher Scientific, Inc.). The qPCR reactions were conducted under the following conditions: 48˚C for 30 min, 95˚C for 10 min followed by 40 cycles of 95˚C for 15 sec, 60˚C for 1 min and melting curve at 95˚C for 15 sec, 60˚C for 15 sec and 95˚C for 15 sec. The aforementioned primers were used, and the expression levels of the gene of interest were normalized to those of the endogenous control GAPDH messenger RNA (mRNA) (35) . This protocol was repeated 3 times. The relative quantity of each gene was determined using the StepOnePlus Software (version 2.3; Applied Biosystems; Thermo Fisher Scientific, Inc.).
Protein extraction and western blotting. Caco-2 (3x10 5 ) and SW620 (3x10 5 ) cells were seeded on 40-mm dishes and incubated at 37˚C until confluent. Cells were washed with ice-cold PBS (Wako Pure Chemical Industries, Ltd.) twice, harvested with ice-cold lysis buffer (1% Triton X-100, 150 mM NaCl, 10 mM MgCl 2 , 1 mM EDTA and 50 mM Tris-HCl, pH 7.5), and incubated on ice for 20 min. The lysates were centrifuged at 20,600 x g for 20 min at 4˚C. The supernatants were collected and stored at -80˚C for subsequent analysis. Western blotting was performed subsequent to protein separation on a 15% polyacrylamide gel with 20 µl of lysis buffer per lane. Protein samples separated by SDS-PAGE were transferred to a polyvinylidene fluoride (PVDF) membrane. The PVDF membrane was blocked at room temperature for 1 h in TBS-Tween-20 containing 2% skimmed milk powder, and then incubated with a primary antibody against rabbit polyclonal claudin-3 (cat. no. ab15102; 1:300; Abcam, Cambridge, UK), rabbit polyclonal claudin-7 (cat. no. ab27487; 1:1,000; Abcam) or rabbit monoclonal β-actin (cat. no. 4970S; 1:1,000; Cell Signaling Technology Inc., Danvers, MA, USA). Upon washing, the membranes were incubated with a horseradish peroxidase-conjugated anti-rabbit antibody (cat. no. 7074S; 1:5,000; Cell Signaling Technology, Inc., Osaka, Japan) at room temperature for 1 h. Immunoreactivity was detected with an enhanced chemiluminescence kit Chemi-Lumi One L (Nacalai Tesque, Inc., Kyoto, Japan). Protein levels were quantified with ImageJ (version 1.51k) (36) , and β-actin was used as the internal control.
Immunocytochemistry. Caco-2 cells were seeded on Nunc Lab-Tek chamber slides (Thermo Fisher Scientific, Inc.) and incubated at 37˚C until confluent. Cells were subsequently washed twice with PBS and fixed with 3.7% formalin at room temperature for 15 min. The cells were then permeabilized with 0.25% Triton X-100 in PBS for 10 min and blocked with 2% bovine serum albumin (Wako Pure Chemical Industries, Ltd.) in PBS for 1 h. This was followed by incubations at room temperature for 2 h with anti-claudin-3 (1:100), anti-claudin-7 (1:100), mouse monoclonal anti-β-catenin (cat. no. M3539; 1:200; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA) and mouse monoclonal anti-E-cadherin (cat. no. M3612; 1:200; Dako; Agilent Technologies, Inc.) antibodies. Cells were rinsed three times with PBS and incubated at room temperature for 15 min with secondary antibodies provided in the Histofine Simple Stain MAX PO (MULTI) detection reagent (universal immunoperoxidase polymer, anti-mouse and anti-rabbit; Nichirei Biosciences, Inc., Tokyo, Japan) according to the manufacturer's protocol. Cells were then stained with 3,3'-diaminobenzidine tetrahydrochloride (DAB) using the Histofine DAB substrate kit (Nichirei Biosciences, Inc., Tokyo, Japan) at room temperature for 1 min. Sections were counterstained with Mayer's hematoxylin at room temperature for 4 min, dehydrated in a graded series of ethanol (Muto Pure Chemicals, Co., Ltd., Tokyo, Japan) from 80 to 100%, cleared with 99% xylene (Muto Pure Chemicals, Co., Ltd.) for 15 min and mounted in malinol (Muto Pure Chemicals, Co., Ltd.). The expression of claudin-3 and claudin-7 in cells was observed at magnification, x200 using a light microscope (BX53; Olympus Corporation, Tokyo, Japan) and images were captured with a microscopic camera (DP20-5; Olympus Corporation).
Patients. Tissues were obtained from 100 patients with colorectal adenocarcinoma who underwent surgical resection between January 2010 and June 2014 at Kagawa University Hospital (Kagawa, Japan). The histological findings of these patients, in addition to their lymph node metastases, venous invasion and tumor node metastasis stages, were evaluated based on the Japanese Classification of Colorectal Carcinoma (8th edition) (37) . All subjects provided written informed consent. The present study was conducted with the approval of the Institutional Research Ethics Committee of Kagawa Prefectural University of Health Sciences (Kagawa, Japan).
Immunohistochemistry. Tissues were obtained from primary tumors (4-µm-thick), deparaffinized in 99% xylene for 15 min, and then rehydrated in a graded series of ethanol, followed by antigen retrieval by microwave heating for 15 min at 2 kW in 0.01 M citrate buffer (pH 6.0). Endogenous peroxidase activity was blocked using 3% hydrogen peroxide (Wako Pure Chemical Industries, Ltd.) at room temperature for 10 min, and non-specific binding was blocked with PBS containing 0.1% skimmed milk powder (Wako Pure Chemical Industries, Ltd.) at room temperature for 10 min. Sections were incubated at room temperature for 2 h with the aforementioned anti-claudin-3 (1:200) and anti-claudin-7 (1:300) primary antibodies. Slides were rinsed three times with PBS and incubated at room temperature for 15 min with the secondary antibodies of Histofine Simple Stain MAX PO (MULTI), according to the manufacturer's protocol, and subsequently stained with DAB using the aforementioned DAB substrate kit (Nichirei Biosciences, Inc., Tokyo, Japan) at room temperature for 1 min. Sections were counterstained with Mayer's hematoxylin at room temperature for 4 min, dehydrated in a graded series of ethanol from 80 to 100%, cleared with 99% xylene for 15 min and then mounted in malinol. Normal colorectal mucosa samples were used as positive controls. The expression of claudin-3 and claudin-7 in tissues was observed at x200 magnification using a light microscope (BX53; Olympus Corporation), and images were captured with a microscopic camera (DP20-5; Olympus Corporation).
Immunoscore. The classification of membranous claudin expression was based on the criteria of Jung et al (38) . Briefly, immunostaining for claudin-3 or claudin-7 was assessed using the following scoring: No staining, 0; <25% cells positive and incomplete membranous staining, 1+; 25-50% cells positive and incomplete membranous staining, 2+; 50-75% cells positive and complete or incomplete membranous staining, 3+; and >75% cells positive and complete membranous staining, 4+. In the evaluation, the expression levels of claudin-3 and claudin-7 were grouped into negative (0 and 1+) and positive (2+, 3+ and 4+) groups.
The classification of nuclear claudin expression was scored by a similar method of membranous staining: Negative expression, 0 (0%) and 1+ (<25%); positive expression, 2+ (25-50%), 3+ (50-75%) and 4+ (>75%).
Statistical analysis. Data was expressed as the mean ± standard deviation. Differences between two groups were evaluated with the paired Student's t-test. Univariate analysis was performed using the χ 2 or Fisher's exact test for categorical data. All statistical analyses were performed using SPSS 23.0 software (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference.
Results
Claudin-3 and claudin-7 are expressed in human colorectal adenocarcinoma cell lines. In order to study the expression of claudin-3 and claudin-7 in human colorectal adenocarcinoma cell lines, RT-PCR was performed using specific primers. RT-PCR amplification yielded DNA fragments of the expected size (~200 bp), indicating the presence of claudin-3 and claudin-7 in Caco-2 and SW620 cells (Fig. 1A) . qPCR revealed that claudin-3 mRNA levels were significantly lower in Caco-2 cells compared with those in SW620 cells, while claudin-7 mRNA levels were significantly increased in Caco-2 cells compared with those in SW620 cells (Fig. 1B) . Western blotting was performed using a primary antibody against claudin-3 or claudin-7 to determine claudin protein expression in Caco-2 and SW620 cells. The specific band corresponding to claudin-3 or claudin-7 was detected in Caco-2 and SW620 cells ( Fig. 2A) . Furthermore, the protein expression levels of claudin-3 were significantly lower in Caco-2 cells compared with those in SW620 cells, while the protein expression levels of claudin-7 were significantly increased in Caco-2 cells compared with those in SW620 cells (Fig. 2B) .
Localization of claudin-3 and claudin-7 in Caco-2 and SW620
cells. An immunocytochemical analysis was performed to determine the subcellular localization of claudin-3 and claudin-7 in Caco-2 and SW620 cells. Staining with antibodies against E-cadherin, β-catenin and claudin-7 revealed immunoreactivity predominantly at the site of cell-cell contact for claudin-7, whereas claudin-3 immunoreactivity was localized in the nucleus in Caco-2 cells (Fig. 3) . Similar results were obtained for staining with an anti-claudin-3 antibody in SW620 cells (Fig. 3) . However, claudin-7 and β-catenin were largely localized at the cytoplasm, and E-cadherin was lowly expressed in SW620 cells (Fig. 3) .
Expression and localization of claudin-3 and claudin-7 proteins in colorectal adenocarcinoma tissues. The expression of claudin-3 and claudin-7 was investigated in colorectal adenocarcinoma tissues. The protein expression levels of claudin-3 and claudin-7 were determined using immunohistochemical staining. (Fig. 4) . The membranous expression rates of claudin-3 and claudin-7 were 58.0 and 50.0%, respectively (Table II) . The nuclear expression rates of claudin-3 and claudin-7 were 22.0 and 2.0%, respectively (Table II) . Therefore, membranous and nuclear claudin expression in colorectal adenocarcinoma tissues was evaluated.
The membranous expression of claudin-3 or claudin-7 was not associated with any clinicopathological factors (Fig. 4 and Table III ). As shown in Fig. 4 and Table IV, the nuclear expression of claudin-3 was associated with histological type and was significantly increased in colorectal mucinous adenocarcinomas compared with that in well-to moderately-differentiated colorectal adenocarcinomas (P<0.01). However, no associations were observed between the nuclear expression of claudin-3 and age, gender, lymphatic invasion, venous invasion, depth of tumor invasion, lymph node metastasis or stage of colorectal adenocarcinoma in the present cohort of patients (Table IV) . The nuclear expression rate of claudin-7 in colorectal mucinous adenocarcinomas was similar to that in well-to moderately-differentiated colorectal adenocarcinomas; therefore, claudin-7 was not observed to be associated with any clinicopathological factor (Table IV) .
Discussion
The present study examined the expression of claudin-3 and claudin-7 in human colorectal adenocarcinoma cell lines and in 100 patients with colorectal adenocarcinoma. The expression of claudin-3 was localized in the nuclei of Caco-2 and SW620 cells, and the nuclear expression of claudin-3 was significantly increased in colorectal mucinous adenocarcinomas compared with that in well-to moderately-differentiated colorectal adenocarcinomas. However, no associations were observed between the expression of claudin-7 in colorectal adenocarcinomas and clinicopathological parameters. Therefore, the present results provided evidence for the development of a useful marker for predicting cancer progression and prognosis in colorectal adenocarcinoma, since the nuclear expression of claudin-3 may be a phenotypic feature of colorectal mucinous adenocarcinomas.
An important result of the present study is the nuclear localization of claudin-3 in human colorectal adenocarcinoma cell lines (Caco-2 and SW620) and tissues (Figs. 3 and 4C) . Although claudins are members of the tetraspanin family of proteins, which are integral to the structure and function of TJs, changes in the cellular localization of claudins serve an important role during tumorigenesis (19) . Previous studies reported that the expression of claudin-1 increased in human colon cancers with mislocalization from the cell membrane to the nucleus and cytoplasm (19) , the predominant cytoplasmic and nuclear localization of claudin-1 reduced apoptosis in nasopharyngeal carcinoma cells (28) , and claudin-1 showed loss of membrane expression and increased nuclear localization in follicular thyroid carcinoma (39) . The cytoplasmic expression of claudin-1 in metastatic melanoma cells was also shown to be critical for increased malignancy (27, 40) . In addition, nuclear distribution of claudin-2 resulted in enhanced proliferation in human lung adenocarcinoma cells (34) . As aforementioned, the cellular distribution of claudins has been reported in several types of cancer (41); however, the pathophysiological functions of nuclear claudins have not yet been determined. The present results indicated that claudin-3 is mainly distributed in the nucleus of Caco-2 and SW620 cells. Therefore, it was hypothesized that nuclear claudin-3, but not claudin-7, serves an important function in enhancing cell proliferation in human colorectal adenocarcinoma cell lines.
The nuclear localization of several cell junction proteins, including ZO-1, ZO-2 and β-catenin, is known to be associated with oncogenic transformation and cell proliferation (42, 43) . In addition, ZO-1 and ZO-2 contain a nuclear localization signal (NLS), and exhibit shuttle localization between the cytoplasm and nucleus (42, 43) . Therefore, the amino acid sequence of claudin-3 was analyzed using an NLS prediction program (cNLS Mapper; http://nls-mapper.iab.keio. ac.jp/cgi-bin/NLS_Mapper_form.cgi) (44), but no putative Tis  1  T1  10  T2  6  T3  52  T4  31   Stage  0  1  I  15  II  49  III  34  IV  1 NLS was detected. Although NLS is a well-known sequence of nuclear import elements, other sequences, including the PDZ domain, are known to be important for nuclear localization (45) . A previous study reported that the nuclear localization of armadillo-repeat gene deleted in velocardiofacial syndrome (ARVCF), an armadillo-repeat protein of the p120ctn family, may be mediated by the PDZ domain of ZO-2 (46) . One of the potential mechanisms by which claudin-3 may translocate to the nucleus is through interaction with the PDZ domain of ZO-2 in a manner similar to that of ARVCF. Several studies have indicated that tumor suppressors, including adenomatous polyposis coli and breast cancer gene 1, translocate to the nucleus via an NLS-independent pathway (47). Additionally, β-catenin, which has no NLS, was imported into the nucleus by binding directly to the nuclear pore machinery, similarly to importin-β/β-karyopherin or other importin-β-like import factors (48) . Another potential mechanism is that claudin-3 relocates from the cellular membrane to the nucleus using an NLS-independent import pathway similar to that used by these proteins. The membranous localization of β-catenin is necessary for cadherin-mediated cell adhesion (49) , and its cytoplasmic and nuclear localization have been associated with oncogenesis (50) . Furthermore, β-catenin regulates the expression of claudin-1 in colorectal cancer cells (26) and that of claudin-3 in primary brain endothelial cells (51) . Although the precise mechanism through which β-catenin regulates the expression of claudin-1 and claudin-3 has not yet been defined, Wnt signaling may be involved in the expression and localization of claudins. As presented in Fig. 3 , β-catenin was largely localized at the cytoplasm, and E-cadherin was weakly expressed in SW620 cells, whereas β-catenin and E-cadherin were primarily localized at the cell membrane in Caco-2 cells. The expression patterns of these proteins in SW620 cells were consistent with those reported in previous studies (19) .
Additionally, overexpression of claudin-3 in Caco-2 cells may induce changes in the localization of β-catenin, since overexpression of claudin-1 in the primary colon adenocarcinoma SW480 cell line was previously reported to induce changes in the localization of β-catenin from the cell membrane to the cytosol (19) . The interactions between nuclear claudin-3 and β-catenin in colorectal adenocarcinoma cell proliferation and metastasis will be further investigated by our group.
The present study detected mRNA and protein expression of claudin-3 and claudin-7 in Caco-2 and SW620 cells, and revealed that the expression levels of claudin-3 were significantly increased in SW620 cells compared with those in Caco-2 cells, whereas the expression levels of claudin-7 were lower in SW620 cells compared with those in Caco-2 cells (Figs. 1 and 2 ). In addition, in SW620 cells, the Table III . Association between membranous claudin expression and clinicopathological characteristics of colorectal adenocarcinoma in 100 tissue samples from patients. Tis  0  1  0  1  T1  3  7  3  7  T2  3  3  3  3  T3  24  28  27  25  T4  12  19  17  14   Stage  0.586  0.323  0  0  1  0  1  I  5  10  6  9  II  20  29  23  26  III  17  17  21  13  IV  0  1  0  1 localization of claudin-7 decreased at the membrane and exhibited diffuse staining at the cytoplasm (Fig. 3) . One of the reasons to explain the differential expression of claudin-3 and claudin-7 exhibited by these two cell lines may be their functional differences. Caco-2 cells were isolated from a primary colonic tumor, while SW620 cells were established from the lymph nodes of a patient with colorectal adenocarcinoma (52, 53) . Furthermore, SW620 cells are known to exhibit highly tumorigenic and metastatic features (54) . Additionally, previous studies demonstrated that upregulation of claudin-3 was associated with increased tumorigenic potential in ovarian epithelial cells (55, 56) , and that loss of claudin-7 was associated with increased cellular discohesion in breast carcinoma (30) . Therefore, high expression of claudin-3 and low expression of claudin-7 in the metastatic colon cancer SW620 cell line may be associated with tumor cell proliferation and metastasis. Several studies reported that patients with colorectal mucinous adenocarcinoma had a poorer prognosis compared with that of patients with non-mucinous adenocarcinoma (57) (58) (59) . Differences in metastatic patterns between histological subtypes of colorectal cancer and a high number of peritoneal metastases in colorectal mucinous adenocarcinomas have also been reported (60) (61) (62) (63) . However, the underlying mechanisms for the differences in metastatic patterns between various histological subtypes remain unclear. Molecular and biological differences may be associated with the histological features and behaviors of different subtypes of colorectal cancer, and thus, the nuclear localization of claudin-3 may contribute to a more aggressive behavior. The present results indicated that Table IV . Association between nuclear claudin expression and clinicopathological characteristics of colorectal adenocarcinoma in 100 tissue samples from patients. (Table IV) . Thus, additional studies are required in order to establish whether claudin-3 contributes to the regulation of tumor cell proliferation and metastasis in colorectal adenocarcinomas. The nuclear localization of claudin-3 in colorectal adenocarcinoma cells is involved in the biological transformation of tumor behavior. The present results indicated that claudin-3 serves an important role in determining the tumor histological type and has potential as a prognostic marker. Although the mechanisms underlying the translocation of claudin-3 to the nucleus in tumorigenesis have not yet been elucidated in detail, the present study indicated the potential of claudin-3 as a histopathological biomarker for colorectal adenocarcinomas.
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